The Cassini discovery of the active plume of water vapour and icy grains emanating from the south polar of the moon Enceladus gave a strong impetus to the research domain that studies plasmas containing dust grains besides the usual plasma constituents. The plume dust is mostly represented by icy particles of nanometer scales that bridge the mass gap between the macromolecules and larger icy fragments. Such dust grains immersed in the magnetospheric plasma and radiative environments become electrically charged by various processes, the most effective one being capture of electrons and ions from the ambient plasma. The plume plasma thus consists of electrons, ions, neutrals, and charged grains, which are responsible for the unusual properties of this kind of plasmas. The examples discussed represent our results in this field within the last few years and mostly such cases were chosen, in which measurements of different Cassini instruments could be compared with theory or where the phenomenon has a diagnostic application. Dust charging, role of the secondary electron emission from small grains, dust size distributions and dust charge fluctuations are discussed.
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Then the main forces and dust dynamics are explored in conditions relevant for the near-Enceladus plasmas. The findings are used for interpretations of the Cassini Plasma Spectrometer data and improve constraints on the dust characteristics. It is also examined how the charged dust can affect the plasma shielding length which is of importance for the reliable Cassini Langmuir probe measurements. Considering the dust grains as heavy negative ion species, the formalism that is an extension of earlier work on more usual plasmas is used to investigate the electric conductivity of the plume plasma. The collisional processes include exchange momentum not only between plasma particles and neutral gas but also between the plasma species and dust grains (plasma drag force). The Hall and Pedersen conductivities are the key quantities for understanding of the magnetic field perturbations observed by the Cassini Magnetometer in the plume. Modifications of these conductivity tensor components due to the presence of heavy dust species are examined in the parameter space relevant for the Enceladus plume and in the light of available Cassini magnetometer data.
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